I t is well documented that rates of chromosomal evolution and the kinds of rearrangements involved vary markedly among taxa. This has led to the formulation of models that seek to identify biological factors that promote rapid chromosomal evolution. For the most part, these models focus on population genetic parameters under which a newly arisen chromosomal mutation would have a finite probability of becoming established. Most models assume that rearrangements of the chromosomes do not affect the function of genes and thus have no effect on the phenotype of the organism. They also assume that some degree of sterility is produced in the heterozygote due to an impairment of normal meiosis. Under these conditions, chromosomal evolution will be most rapid in species that possess small d e m e sizes because sampling errors due to stochastic events are what drive t h e rearrangement to fixation through the heterozygosity bottleneck. There is a finite probability of this occurring only in small demes. This may result not only in chromosomal evolution, but also in speciation (termed stasipatric speciation). We will collectively term these models the deme size model and note that they derive from the population genetics of Sewell Wright. Among the most important contributors to the development of the deme size model are M. J. D. White (1968 White ( , 1973 White ( , and 1978a , Bush (1975) , Bush et al. (1977) , Wilson et al. (1975) , Arnason (1972) , Hall (1973) , and Lande (1979) .
Still another model of chromosomal evolution (White, 1978b) Once the population'has become fixed for the rearrangements, however, it will be more "fit" because its coadapted gene complex will be protected from the disruptive effects of introgression from neighboring populations. This model is quite different from the deme size models mentioned above in that it considers populations with large numbers of demes, inbred to varying degrees but of essentially continuous distribution. It does not invoke founder effects, local extinctions, invasions, or phenotypic effects of the rearrangements. I' It seems no longer necessary to assume . . . that the rearrangements that are adaptive in the homozygous state produce a 15;9 160 SYSTEMATIC:ZOOLOGY VOL. 29 specific effect on the phenotype" (White, 197813) .
We see several problems with the model of White (197813) . 1) It invokes group selection rather than individual selection or genetic drift. "The effect of a structural chromosomal rearrangement in isolating a local population, or group of local colonies, from the disruptive effects of introgression, would operate partly through group selection rather than individual selection" (White, 1978b:294) . As Williams (1966) pointed out, group selection is an unparsimonious explanation that should b e invoked only when natural selection cannot explain a phenomenon. It should be emphasized that whether or not group selection ever occurs in nature is not at issue here. What is at issue is determining what is the most parsimonious explanation of the observed chromosomal evolution in Mus.
2) It is unclear to us how White envisions group selection to operate under this model. H e states: "Near the boundary between the two main populations, those demes in which the fusion (or other rearrangement) has reacted [sic] fixation will be more successful than those in which it is present as a polymorphism" (White, 1978b:294) . But he goes on to state that his model "does not invoke founder effects, local extinction of populations or invasions of occupied or unoccupied territories by individuals" (White, 1978b3295) . However, group selection is a process which requires the frequent extinction of local populations, those populations that are best "fit" due to the presence of some altruistic trait have a greater likelihood of survival than populations that do not (Williams, 1966) .
3 ) A third problem is that White's model is based on M u s m u s c u l u s , a species complex that exhibits karyotypic orthoselection. White has argued that orthoselection is due to natural selection favoring identical rearrangements because they impart similar adaptive effects (White, 1975) . 4) White assumes that chromosomal rearrangements reduce heterozygote fertility, yet the M u s populations at Val Bregaglia and various populations in the Grisons and eastern Dolomites are polymorphic for various fusions. The Chiavenna population is polymorphic for fusions 1, 7, and 8 and may represent a hybrid population between Poschiavo and Mesolecina mice (2n = 26, 28) with a 2n = 40 population. T h e rearrangements do not seem to be functioning according to White's model in this instance. Additionally, there are known populations of M u s that are reproductively isolated but karyotypically identical indicating that chromosomal rearrangements are not necessary for speciation in the group.
Why then assume that they are the de facto cause of speciation when they may only represent an adaptive feature rather than a relatively ineffective isolating mechanism (see 5 below)? 5) For most cases of stasipatric speciation a single fusion (or fission) is enough to ensure speciation (White, 1978a) but in M u s , populations that differ by three such rearrangements freely interbreed. H e states on p. 294 "the extent of introgression is diminished by the establishment of each successive fusion and it may take as many as nine to reduce it to a negligible state." From this, one might conclude that the low number of rearrangements (fissions or fusions) usually found between chromosomal races would be insufficient to cause speciation. 6) White says that the initial chromosomal rearrangement spreads out until it covers the area effect population but then stops (White, 1978b:294) . If this is a continuous series of demes, as he says, what makes it stop? Presumably, if the chromosomes cannot continue to spread, neither can the genes and the coadapted gene complex is already protected by some behavioral or other type of reproductive isolation. Fixation of a new neutral chromosomal rearrangement cannot be explained in this instance by group selection but only by genetic drift. He further states that the next rearrangement will establish itself only if the first is insufficient to completely arrest introgres-POINTS sion (p. 295). What regulatory mechanism exists that could perceive the presence or absence of introgression and then make the proper decision to favor or prevent t h e fixation of additional rearrangements? 7) White has not addressed the fact that, in general, species of Mus are karyotypically conservative (Hsu et al., 1978) with many species being homosequential. What is so unique about the M . musculus populations in Italy and Switzerland that they are undergoing such extensive chromosomal evolution while other populations of this species are not? It stands to reason that other species of Mus and other populations of M , musculus also have equally restricted vagility with small deme size and exhibit area effects. White suggests that the karyotypic evolution in these populations of M . musculus has occurred within the last 3,000 years due to changed conditions from agricultural practices. If this is true, then a model explaining karyotypic evolution as an adaptive process having been initiated by a change in relative fitness of individuals as a result of changing environmental conditions would seem more plausible.
We conclude that White has not made a convincing case for group selection in his "chain processes" model. It appears to us that, rather than group selection, there are four biological parameters which in concert or individually are more probable causes of the patterns of differential rates of chromosomal evolution in vertebrates: (1) variation in deme size and breeding structure (White, 1968; Arnason, 1972; Bush, 1975; Bush et al., 1977; Wilson et al., 1975; Lande, 1979) , (2) variation in mutation rates (McClintock, 1978; Lande, 1979) , (3) presence or absence of mechanisms which reduce meiotic malassortment in the heterozygote (White, 1973) and (4) chromosomal rearrangements which produce a positive phenotypic effect in both the heterozygote and new homozygote sufficient to outweigh the negative fitness resulting from meiotic problems in the het-OF VIEW 161 erozygote (Bengtsson and Bodmer, 1976; Bickham and Baker, 1979 
